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Abstract Pontogammarus robustoides has spread
across Europe since the second half of the twentieth
century. It is often regarded as a psammophilous and/
or phytophilous species. We studied preferences of P.
robustoides for 5 mineral substrata of different grain
sizes, 5 plant species and 3 artificial plants differing in
leaf shape. We tested 10 gammarid individuals in 24-h
pairwise choice tests in darkened tanks. Adults
selected stones of 27 ± 4.8-mm grain diameter, rather
than smaller or larger objects, whereas juveniles
preferred particles of 15 ± 3.2-mm grain diameter.
Structurally complex plants (natural and artificial)
were most preferred for both age groups. Juveniles,
unlike adults, preferred natural plants over artificial
ones and mineral substrata. Adults preferred mineral
materials over macrophytes and did not differentiate
between natural and artificial plants. Juveniles did not
avoid areas occupied by adults, but in their presence
exhibited significantly stronger preferences for sub-
strata providing them with suitable shelters. Habitats
selected by gammarids in our study somewhat differed
from those commonly used in the field, indicating their
high plasticity. Different preferences of adults and
juveniles may help them avoid competition and/or
cannibalism in the field.
Keywords Freshwater amphipods  Macrophytes 
Stone substratum  Habitat selection  Habitat
complexity  Grain size
Introduction
Habitat selection is a universal process, in which
individuals must choose among habitats that differ in
biotic and abiotic characteristics (Johnson, 1980;
Huey, 1991). A classic trade-off in behavioural
ecology is maximizing the acquisition of food while
minimizing the risk of predation (Sih, 1980). To
optimize their fitness, organisms should select those
habitats that promote growth and survival and increase
the probability of reproductive success (Pulliam &
Danielson, 1991; Murphy, 2003; Lehtinen & Carfag-
no, 2011). Many variables can influence habitat
selection and their relative importance can vary in
space and time (Jansson et al., 1985; Clark & Green,
1990; Lehtinen & Carfagno, 2011). One of the most
important factors determining the quality of a habitat
is its complexity, which affects the structure of
biological communities (Murdoch & Oaten, 1975;
Holt, 1984; Kovalenko et al., 2012) and relationships
between organisms belonging to different trophic
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levels (Briand & Cohen, 1987; Whitehead & Walde,
1992) by changing their susceptibility to predators,
competitive interactions and feeding (Engstro¨m-O¨st
et al., 2006). In particular, habitat fragmentation can
produce edge effects promoting competition or pre-
dation (MacNeil & Platvoet, 2013).
In the aquatic environment, one of the most
important habitat components is substratum type,
shaping living conditions for benthic organisms. Thus,
the ability to choose a habitat with suitable substratum,
allowing for further survival and reproductive success,
is crucial for bottom-dwelling animals. Aquatic hab-
itats are structured by different types of natural
substrates, such as stones, leaves, branches, macro-
phytes and artificial substrata, such as solid waste
materials, all of which exhibit positive effects on
invertebrate diversity (Cooper et al., 1997; Scealy
et al., 2007; Czarnecka et al., 2009). Macrophytes
increase the availability of food and shelters, elevating
the diversity of aquatic assemblages (Raizer & Ama-
ral, 2001; Taniguchi et al., 2003; Thomaz et al., 2008).
Temperate shores throughout the world are dominated
by macrophytes (Foster et al., 2003; Schiel, 2004). Not
only diversity, but also invertebrate density and body
size vary with the degree of habitat complexity
provided by macrophytes (McAbendroth et al., 2005;
Mormul et al., 2011). A similar habitat-shaping role is
played by hard substratum, providing shelters and
increasing the area for recruitment, especially when
substratum architecture is complex (Taniguchi &
Tokeshi, 2004; Czarnecka et al., 2009).
Substratum quality may considerably affect the suc-
cess of biological invaders in their novel areas. The ability
to select an appropriate habitat is particularly important
for these organisms, as outside their native range they
have to face different abiotic (e.g. substratum type) and/or
biotic (e.g. new predators, competitors and habitat-
forming macrophytes) environmental factors. Thus, the
knowledge of habitat preferences of invasive species and
their plasticity may help understand their invasion
success and predict further spread. During the last
decades, European waters have been heavily invaded
by many macroinvertebrate species originating mostly
from North America, East Asia and the Ponto-Caspian
region (Van der Velde et al., 2000; Bij de Vaate et al.,
2002; Devin & Beisel, 2008). Gammarids, particularly of
Ponto-Caspian origin, belong to the most successful
aquatic invaders. To date, they account for 80–90% of the
macroinvertebrate numbers as well as biomass in the
River Rhine (Van Riel et al., 2006). Biological traits
contributing to their invasion success include high
fecundity and omnivory (with a tendency to predation)
(Van Riel et al., 2006; Platvoet et al., 2009b), while
ecological traits comprise tolerance to wide spectra of
chemical and physical factors, such as salinity, temper-
ature, water flow and environmental pollution, as well as
contagious distribution (Den Hartog et al., 1992).
One of the Ponto-Caspian invasive invertebrates in
European waters is Pontogammarus robustoides (G.O.
Sars) (Gruszka, 1999). It inhabits differentiated hab-
itats (Ba˛cela & Konopacka, 2005; _Zytkowicz et al.,
2008; Czarnecka et al., 2009, 2010) in lentic parts of
the River Vistula, Oder and Bug and some lakes in
these rivers’ valleys (Grabowski & Ba˛cela, 2005;
Grabowski et al., 2007b). So far, it has reached eastern
Germany on its way west (Bij de Vaate et al., 2002;
Grabowski et al., 2007a), though further expansion is
likely. P. robustoides is often found in very shallow
sandy areas, and its affinity for such locations is
supported by its adaptations to survive temporary air
exposure (Poznan´ska et al., 2013). At greater depths,
particularly juveniles of this species often inhabit
macrophytes (Czarnecka et al., 2009). On the other
hand, it does not show any affinities for zebra mussels
(Kobak & _Zytkowicz, 2007), as other Ponto-Caspian
gammarids do. Adult P. robustoides seem to be
generally less selective with regard to available
habitats, being also commonly found on artificial solid
wastes discarded into water (Czarnecka et al., 2009).
Czarnecka et al. (2010) has shown in laboratory
experiments that juvenile P. robustoides selects natu-
ral, structurally complex plants as their habitat,
whereas habitat selectivity of adult individuals of this
species is rather weak. However, to our knowledge, no
attempt has been made to test preferences of P.
robustoides for mineral substrata, despite the fact that it
commonly occurs on bare sandy bottom (Gruszka,
1999; _Zytkowicz et al., 2008; Poznan´ska et al., 2013) or
to compare the relative strength of its affinity for plants
and mineral materials.
So far, the knowledge of habitat preferences of
invasive gammarids has focused mainly on Dikero-
gammarus villosus, which is one of the most success-
ful aquatic invaders in Europe (van Riel et al., 2007;
Hesselschwerdt et al., 2008; Bundschuh et al., 2013).
On the other hand, the knowledge of the preferences of
other invasive gammarids is poor. Therefore, we
210 Hydrobiologia (2015) 746:209–221
123
decided to evaluate experimentally the preferences of
juvenile and adult P. robustoides for hard mineral
substrata of different grain size and different types of
macrophytes (natural and artificial). We assumed that
larger mineral particles should be selected as offering
more space for burrowing animals to move and that
plants of more complex structure would be preferred
over simple-shaped species. Plants can affect animal
choice by their physical structure (Thomaz et al.,
2008; Mormul et al., 2011) and/or chemical quality
(compounds associated with their surface or released
to the water column) (van Donk & van de Bund, 2002).
Therefore, we used natural plants and their artificial
imitations to separate between these effects. We
expected that gammarids affected by physical traits
would distinguish among differently shaped plastic
plants made of the same material, just as they
differentiated among natural macrophytes. If chemical
traits were involved in gammarid choice, we expected
them to discriminate between natural and artificial
plants of the same structure. Moreover, we expected
differences in habitat selection between juveniles and
adults, with the former being more selective, prefer-
ring relatively smaller mineral particles (due to their
smaller size) and exhibiting a greater affinity for
natural macrophytes (Czarnecka et al., 2010), as they
feed on periphyton coating living plants while adults
are more predatory (Berezina & Panov, 2003; Berez-
ina, 2007). We also intended to check which substra-
tum the gammarids would select when given a choice
between mineral and plant substrata. Finally, we
checked the responses of juveniles to the presence of
adult individuals. We hypothesized that the former
would avoid substrata occupied by adults to avoid
cannibalism (Platvoet et al., 2009a), choosing less
preferred materials in their presence.
Materials and methods
Animals
Pontogammarus robustoides was collected by hand
net from the sandy bottom (depth 0.3–0.5 m) of the
Włocławek Reservoir (a dam reservoir on the lower
River Vistula, Central Poland, N: 523700300, E:
191903700). After capture, the gammarids were imme-
diately transported to the laboratory and placed in
100-l aquaria (water temperature: 17–19C) equipped
with standard aquarium filters and aerators. The
aquarium bottoms were covered by sand providing
shelter for the animals. The gammarids were fed daily
with frozen chironomid and chaoborid larvae. Every
week, we exchanged ca. 30% of the water volume. All
experiments were carried out within 1–4 weeks after
the capture of gammarids. We identified the collected
gammarids according to Konopacka (2004). The
gammarids were divided into two age groups: juve-
niles (length \7 mm) and adults ([7 mm) according
to Berezina (2007).
Experimental set-up
In our experiments, we used three substratum types. The
first type included mineral substrata: sand (mean diam-
eter ± SD: 0.3 ± 0.08 mm), gravel (2.0 ± 0.60 mm),
small stones (15 ± 3.2 mm), medium stones (27 ±
4.8 mm) and large stones (59 ± 7.4 mm). The second
substratum type consisted of natural plants: Myriophyl-
lum spicatum (with finely pinnately divided leaves),
Ceratophyllum demersum (with small, narrow, forked
leaves arranged in dense rings), Potamogeton nodosus
(with large, single, lance-shaped floating leaves on long
stalks), P. perfoliatus (with single, oval leaves devoid of
stalks) and Stuckenia pectinata (with single, narrow,
grass-like leaves). Plant species of varying structural
complexity (from the most complex M. spicatum and
C. demersum to the simplest P. nodosus) were chosen so
as to test the preferences of gammarids with regard to
plant morphology and structure. We also used the third
substratum type, plastic plant imitations (used as aquar-
ium decoration) only differing from one another in
shape. We used imitations of M. spicatum, P. perfoliatus
and P. nodosus constituting a clear structural complexity
gradient as well as a gammarid selectivity gradient (from
the most preferred to the least preferred plant substratum,
see the ‘‘Results’’ section).
To quantify the structural complexity of the used
natural and artificial plants, we used the fractal
dimension measure (Mormul et al., 2011). Fractal
dimension (D) ranges between 1 (straight line of low
complexity) to 2 (fully two-dimensional figure with
high complexity) and is related to the composition of
macroinvertebrate assemblages (McAbendroth et al.,
2005; Dibble & Thomaz, 2009). We calculated fractal
dimensions of plant perimeters on the basis of digital
photographs using ImageJ 1.40 g software (freeware
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by W. S. Rasband, U. S. National Institutes of Health,
Bethesda, Maryland, USA, http://rsb.info.nih.gov/i),
by means of a box count method (grid sizes: 2–512
pixels). We carried out the measurements in triplicate
at two spatial scales that might be important for
gammarids: entire plant scale (image pixel width:
0.2 mm) and leaf scale (image pixel width: 0.03 mm)
(McAbendroth et al., 2005).
The structural complexity of natural plants varied
significantly across species and measurement scales,
as shown by a significant interaction between these
factors in two-way ANOVA (F4,20 = 44.8, P \
0.0001). M. spicatum and C. demersum exhibited the
greatest level of complexity at both measurement
scales, whereas S. pectinata was complex at the larger
scale (when its single narrow leaves formed a net), but
not at the leaf scale (Table 1). Potamogeton nodosus
was the least complex species in our study. Artificial
plant models used in Experiment 3 also differed
significantly from one another with regard to structural
complexity (a significant species 9 measurement
scale interaction in two-way ANOVA: F4,12 = 29.4,
P \ 0.0001), M. spicatum imitation being most com-
plex and P. nodosus simplest (Table 1). Potamogeton
perfoliatus was the only species for which we did not
find any significant differences in complexity between
artificial and natural specimens (Table 1).
Mineral substrata and artificial plants were exposed
in water for at least a week before use to allow for the
development of biofilm sufficient to attract gammarids
(Kobak et al., 2013).
We conducted pairwise tests with two substrata
presented simultaneously to 10 gammarid individuals
(juveniles or adults) in two halves of a test tank
(Fig. 1). The mineral substratum of a single type
covered about 25% of the bottom surface at the shorter
wall of the tank. The plants were presented as a bunch
of shoots suspended in the water column, filling it from
the bottom (with no other substratum) to the surface.
This arrangement corresponded to the natural position
of the studied species in the field, as they often form
floating stems and leaves or occur freely in the water
column. The tests were carried out in darkness. After
24 h, we separated both substrata with a glass barrier
and counted the gammarids. Most of the animals were
located within the studied substrata, so we can assume
that they did select a particular habitat, rather than just
swimming accidentally across a given tank zone.
Those few individuals (only 0.4% of all studied
gammarids altogether) that were found outside the
substratum (e.g. between the bare glass bottom and
wall of the tank) were not included in the analysis.
Experiments
To test our working hypotheses, we conducted six
experiments replicated 15 times.
Experiment 1 was carried out to test gammarid
preferences for mineral substrata. To find the optimum
(i.e. most selected) mineral substratum, we offered
them to gammarids in pairwise combinations. These
materials represented a gradient from the finest to
largest particles, so we did not need to test all possible
pairwise combinations of substrata. Instead, we tested
neighbouring pairs of substrata along this gradient:
sand vs. gravel, gravel vs. small stones, small vs.
medium stones and medium vs. large stones. We
stopped this series when an optimum grain size (i.e.
preferred over smaller and larger particles) was found.
Experiment 2 was conducted to study gammarid
preferences for natural plants. We offered plants to
gammarids in all possible pairwise species combinations.
Experiment 3 was designed to check whether
gammarid preferences for plants were driven by their
Table 1 Mean (±SD) fractal dimensions (D) showing structural complexity of the plant species used in Experiments 2–5
Scale Type P. perfoliatus P. nodosus S. pectinata M. spicatum C. demersum
Entire plant Natural 1.32 ± 0.03a 1.23 ± 0.01b* 1.66 ± 0.04c 1.67 ± 0.01c 1.60 ± 0.05c
Artificial 1.30 ± 0.03a 1.17 ± 0.01b* 1.58 ± 0.04c
Leaf Natural 1.10 ± 0.01a 1.10 ± 0.02a 1.20 ± 0.04a 1.67 ± 0.02b* 1.44 ± 0.04c
Artificial 1.10 ± 0.00a 1.12 ± 0.01a 1.47 ± 0.01b*
Plant species labelled with the same superscript letter did not differ significantly from one another with regard to D value
(Bonferroni-corrected t tests following significant ANOVA effects)
Asterisks indicate significant differences in D values between natural plants and their artificial analogues (Bonferroni-corrected t tests)
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structural complexity (with no chemical cues
involved). Thus, we tested gammarids in the presence
of artificial plants of different shape but made of the
same plastic material.
Experiment 4 was carried out to check whether
gammarids used chemical cues released by plants in
their habitat selection. Therefore, we offered gam-
marids pairs of substrata consisting of a natural plant
and its plastic imitation having the same physical
structure. Unfortunately, the fractal analysis showed
some differences in structural complexity between
natural and artificial specimens of M. spicatum and P.
nodosus (Table 1). Therefore, we could only use P.
perfoliatus in Experiment 4. Anyway, the use of all
three artificial plants in Experiment 3 is justified as
they still formed a clear complexity gradient.
In Experiment 5, we intended to check which of the
substratum groups tested in Experiments 1–2 (macro-
phytes and mineral substrata) is preferred by gam-
marids. We tested the habitat choice made by
gammarids in the presence of the most preferred
materials from each group. These were M. spicatum
(for both size classes), as well as small (15 mm) and
medium (27 mm) stones (for juveniles and adults,
respectively, see the ‘‘Results’’ section). As the result
obtained for large gammarids (a clear preference for
stones, see the ‘‘Results’’ section) was somewhat
surprising, we decided to conduct an additional test
using a mineral substratum less preferred by this group
(i.e. small stones).
Finally, in Experiment 6, we tested the responses
of juveniles to the presence of adults. We exposed
each age group separately and together (10 individuals
from each group) in the presence of the mineral
substrata, which were most preferred (small stones,
15 mm in diameter) and least preferred (sand) by
juveniles. Previous experiments have shown (see the
‘‘Results’’ section) that the stone substratum was
preferred over sand by both age groups. Thus, we
expected that in the mixed species treatment, adults
would select stone substratum. We intended to check
whether juveniles in this situation would select their
preferred stony habitat despite the fact that it was
occupied by adults or would switch to the less
suitable sandy bottom to avoid the vicinity of large
conspecifics.
Data analysis
For each pair of substrata, we tested gammarid
preferences using a one-sample t test comparing the
mean percentage (arcsine transformed) of individu-
als found in one of the two offered habitats with a
theoretical value of 50%, expected in the case of no
habitat selectivity. We also compared the distribu-
tions of adults with those of juveniles using two-
sample t tests on the gammarid percentages (arcsine
transformed) in one of the two offered habitats. To
compare the selectivity of juveniles and adults kept
together with those exposed separately, we applied
a two-sample t test. To control for multiple
comparisons within the same data set, we applied
sequential Bonferroni corrections to the results.
Fig. 1 Experimental set-up
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Results
When given a choice among various mineral substrata
(Experiment 1), adult gammarids selected particles of
larger diameter in combinations ranging from sand up
to medium (27 mm) stones (Fig. 2). Medium stones
were also preferred over large (59 mm) stones and
thus can be regarded as the optimum choice for large
gammarids. Juveniles also selected substrata with
larger particles, but only in combinations ranging from
sand to small (15 mm) stones, which were their
optimum choice, preferred over coarser material
(medium stones) (Fig. 2). It should be noted that both
age groups preferred rocky substrata over sand, on
which P. robustoides had naturally occurred in the
field.
In Experiment 2 (selection of living macrophytes),
gammarids generally chose natural plants with com-
plex leaf structure. In particular, juveniles exhibited
this type of behaviour strongly preferring M. spicatum
and C. demersum. Both adults and juveniles selected
structurally complex plants more often than a habitat
formed by P. nodosus (Fig. 3). Also artificial plants of
complex structure, similar to M. spicatum, were
preferred over simpler models in Experiment 3,
particularly by juveniles. Moreover, in the presence
of artificial P. nodosus, juveniles unlike adults chose
P. perfoliatus imitations (Fig. 4). In Experiment 4,
adults did not differentiate between artificial and
natural P. perfoliatus, whereas juveniles clearly
preferred natural macrophytes over their plastic ana-
logues of the same structural complexity (Fig. 4).
When given a choice between the most preferred
stone and plant substratum (Experiment 5), juvenile
gammarids definitely preferred natural macrophytes.
In contrast, adults selected mineral substrata, even
suboptimal to them (small stones, 15 mm in diameter),
rather than their favourite plant species (Fig. 5). In the
presence of adults (Experiment 6), juveniles exhibited
significantly stronger selectivity for their preferred
substratum (small stones, 15 mm in diameter) than
when kept alone, despite the fact that the same habitat
was also selected by large conspecifics (Fig. 6).The
behaviour of adults was unaffected by the presence of
juveniles.
Discussion
In our study, P. robustoides clearly preferred rocky
substrata, made of stones 15–30 mm (depending on
age), over those of smaller and larger grain diameter,
including sand (Experiment 1). This supports the
hypothesis that a preferred substratum should have a
specific structure, providing spaces corresponding to
the size and morphology of the gammarid body and
ensuring the highest clinging efficiency (Hacker &
Steneck, 1990). In accordance with this statement, we
found a significant difference in selected substrata
between juveniles and adults, with the latter selecting
Fig. 2 Preferences of gammarids for mineral substrata (Exper-
iment 1). Statistical results shown on the bars indicate
gammarid preferences for one substratum from a given pair
(one-sample t tests, df = 14). Statistical results shown between
the bars indicate differences in preferences between adults and
juveniles (t tests for independent samples, df = 28). The
asterisks indicate statistically significant results
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bigger particles, corresponding to their larger size.
These observations agree with those of the previous
studies, carried out on other gammarid species:
Gammarus pulex and Dikerogammarus villosus (De-
vin et al., 2003; Elliott, 2005; Platvoet et al., 2009a).
The ability to select spaces of appropriate size can
increase the survival of gammarids in the field, where
they face excessive water flow and predation, includ-
ing cannibalism (Platvoet et al., 2009a). Gravel and
stone substrata contain abundant interstitial pores that
not only serve as microhabitats but also permit a
constant flow of oxygenated water and food parti-
cles (Palmer & Ricciardi, 2004). Nevertheless, P.
robustoides prefers stagnant waters (Ja _zd _zewski et al.,
2002) where the bottom is covered by sand and/or
plants. It has often been reported from sandy substra-
tum (Gruszka, 1999; _Zytkowicz et al., 2008) and found
better adapted to it than other invasive gammarids
(Poznan´ska et al., 2013). In spite of that, our study has
shown that it clearly prefers larger particles over sand,
if the former are available. This suggests a consider-
able plasticity of P. robustoides and its ability to
spread in suboptimal habitats.
In our study, P. robustoides selected structurally
complex plants, such as M. spicatum and C. demersum
(Experiment 2). Preferences exhibited by juveniles
Fig. 3 Preferences of juvenile (below the diagonal) and adult
(above the diagonal) gammarids for natural macrophytes
(Experiment 2). Grey bars correspond to plant species given
in the leftmost column, white bars refer to plant species
described in the top row. Statistical results above the bars
indicate gammarid preferences for one substratum from a given
pair (one-sample t tests, df = 14). Statistical results below the
bars shown in the adult section (only significant cases are given
for juveniles) indicate differences in preferences between adults
and juveniles (t tests for independent samples, df = 28). The
asterisks indicate statistically significant results
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were stronger, thus confirming the results of Czarne-
cka et al. (2010), though, in contrast to that study, we
observed that the majority of adults used the most
complex plant species, suggesting a kind of selectivity
for complex habitats. The leaf scale seemed to be more
important for gammarid choice, as S. pectinata, which
was complex at the plant scale only, was not selected
by them. However, we observed no significant
discrimination by gammarids between the two most
complex plants, M. spicatum and C. demersum, which
did differ from each other with respect to leaf
complexity (Table 1). This suggests that gammarids
reacted to a certain threshold complexity, rather than
responding gradually to a gradient. An optimum
substratum structure should correspond to the size
and shape of an animal body (Platvoet et al., 2009a) to
offer the maximum level of protection and freedom of
movement. Animals are unlikely to respond to
changes in habitat complexity, which do not affect
these properties. Perhaps, M. spicatum and C. demer-
sum, though differing significantly with regard to their
leaf complexity in our study, did not represent
different kinds of refuges for gammarids and provided
them with the same living conditions. The greater
complexity index of M. spicatum resulted from the
presence of very fine, thread-like leaflets, missing in C.
Fig. 4 Preferences of gammarids for artificial imitations of
macrophytes (Experiment 3) and their selectivity between
artificial and natural plants (Experiment 4). Statistical results
shown on the bars indicate gammarid preferences for one
substratum from a given pair (one-sample t tests, df = 14).
Statistical results shown between the bars indicate differences in
preferences between adults and juveniles (t tests for independent
samples, df = 28). The asterisks indicate statistically significant
results
Fig. 5 Selectivity of gammarids between mineral substrata and
natural macrophytes (Experiment 5). Statistical results shown
on the bars indicate gammarid preferences for one substratum
from a given pair (one-sample t tests, df = 14). Statistical
results shown between the bars indicate differences in
preferences between adults and juveniles (t tests for independent
samples, df = 28). The asterisks indicate statistically significant
results
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demersum. These leaflets might be too narrow to be
effectively used by gammarids for clinging. This
would make the actual complexity of both macrophyte
species for gammarids similar, as plants with many
small, narrow leaves, regardless of whether they are
further finely divided or not.
Gammarids of both size classes responded to plant
morphology, which was confirmed by their selectivity
for the plastic analogue of M. spicatum, significantly
preferred over plant imitations of lower complexity
(Experiment 3). Plant architecture, especially their
complexity and leaf morphology or arrangement, may
affect life conditions for inhabiting organisms (Van
den Berg et al., 1997). In the natural environment,
predation effectiveness is inversely related to the
increase in plant complexity (Warfe & Barmuta, 2004;
Van de Meutter et al., 2005). Furthermore, it has been
demonstrated that structurally complex habitats with a
high area/volume ratio can reduce predation vulner-
ability and desiccation of amphipods (Gunnill, 1982;
Russo, 1987). For example, residing in a complex
environment provided by filamentous and branched
epiphytes can be a way for Gammarus locusta to avoid
predator attacks (Pavia et al., 1999).
Our experimental results show that the selectivity
for plant substrata by this species is age dependent.
Adults only responded to plant morphology, whereas
juveniles actively preferred natural plants over their
plastic analogues in Experiment 4, suggesting that
they were affected by the quality of material forming
their substratum, rather than exclusively by its com-
plexity. Such preferences of juveniles are consistent
with those found in the previous study by Czarnecka
et al. (2010), who observed the affinity of small P.
robustoides for natural plants in the presence of plastic
Christmas tree branches and no such selectivity of
adults. As in our present study we used P. perfoliatus
imitations closely resembling their natural counter-
parts, our results unequivocally dispel potential doubts
concerning the use of artificial Christmas tree
branches by Czarnecka et al. (2010), differing from
natural macrophytes not only in chemical composition
but also in shape. In addition to these findings, we
observed that both age classes also differed from each
other in their responses to plant and mineral substrata
(Experiment 5): adults preferred stony habitats (even
including suboptimal materials, such as stones smaller
than preferred) over plants, whereas juveniles clearly
select plants over stones. Such habitat partitioning was
also observed in other gammarid species (Devin et al.,
2003; Kley et al., 2009). The differences in habitat
selection by different age groups of gammarids could
be accounted for by their variable foraging strategies.
Adult P. robustoides is an omnivore with a strong
tendency for predation, feeding on various benthic
animals, including other amphipods (Berezina &
Panov, 2003; Arbaciauskas, 2005; Ba˛cela-Spychalska
& van der Velde, 2013). Individuals of a body length
Fig. 6 Responses of gammarids to conspecifics of different
size (Experiment 6). Statistical results shown on the bars
indicate gammarid preferences for one substratum from a given
pair (one-sample t tests, df = 14). Statistical results shown on
the right indicate differences in preferences between single and
mixed age group treatments (t tests for independent samples,
df = 28). The asterisks indicate statistically significant results
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below 6-mm feed mainly on periphyton and plant
detritus, though they can also consume tissues of
living vascular plants (Berezina et al., 2009) or
macroalgae, such as Cladophora sp. (Berezina &
Panov, 2003). Perhaps, that is why small individuals
exhibit stronger affinity for natural plants. Moreover,
juveniles are often endangered by relatively small
invertebrate predators. Perhaps, structurally complex
macrophytes provide juvenile gammarids with better
protection against such enemies than larger stones,
still leaving enough free space for them to live in.
In our study, we did not find any evidence of
predation of adults on juveniles during 24 h of the
experiment. However, it should be noted that
gammarids usually predate on freshly moulted con-
specifics (Kinzler & Maier, 2003). Therefore, our
experiments were probably too short to observe such
events. Nevertheless, juveniles exposed to adults for a
longer time are certainly endangered by cannibalism
(Platvoet et al., 2009a), and the development of some
defence mechanisms can be expected. Contrary to our
expectations, juveniles did not leave their preferred
substratum occupied by adults, though they did
respond to the presence of larger conspecifics. Sur-
prisingly, small gammarids increased their affinity for
rocky substratum selected by co-occurring adults,
despite the potential predation risk (Berezina & Panov,
2003). Probably, endangered juveniles chose the most
secure habitat, offering suitable shelters, regardless of
the source and location of the danger. Juvenile P.
robustoides has never been reported from sand in the
field, usually being found on macrophytes (Czarnecka
et al., 2009). The observed behaviour of juveniles
could also be accounted for by their preferences for
adults, which made them actively follow large
conspecifics. However, as Czarnecka et al. (2010)
did not observe any selectivity or avoidance of adults
by juveniles when shelters were distributed all over the
experimental arena, the former hypothesis seems more
likely. Anyway, our results show that the avoidance of
adults is not a direct mechanism differentiating habitat
preferences between juveniles and adult gammarids.
Nevertheless, different preferences of both size clas-
ses, as observed in our study, may be an efficient way
of decreasing cannibalistic pressure of adults upon
juveniles and competition between these groups for
space in the field, even if the proximate factors driving
their selectivity are not directly associated with the
presence of conspecifics.
Our study has clearly defined the preferences of P.
robustoides. However, field observations (unpub-
lished data) show a somewhat different picture. The
gammarids used for our experiments come from a
reservoir in which this species inhabits mainly a
shallow, sandy nearshore area ( _Zytkowicz et al.,
2008). Such distribution can be explained by the
limitation of more suitable habitats, indicating wide
habitat tolerance. Another factor that may affect the
occurrence of P. robustoides is a competitive species
D. villosus. Areas of occurrence of these species in the
Włocławek Reservoir considerably overlap (unpub-
lished data). Furthermore, the most important mech-
anism for the successful invasion of D. villosus is
direct predation on other gammarids (Dick et al., 2002;
Kinzler & Maier, 2003). Dikerogammarus villosus is
able to displace other native or invasive gammarids to
habitats avoided by itself (Devin et al., 2003; MacNeil
& Platvoet, 2005; Hesselschwerdt et al., 2008). Thus,
the impact of this species on the habitat selectivity of
P. robustoides would be an interesting topic for further
research that could help explain the distributions of
both species in the wild.
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